1. Introduction {#sec1}
===============

Myotonic dystrophies are autosomal, dominantly inherited, progressive, and multisystemic disorders characterized by neuromuscular weakness, myotonia, early-onset cataracts, endocrine abnormalities, and involvement of other organs including CNS, heart, and gastrointestinal system \[[@B1], [@B2]\].

There are 2 clinically, histopathologically, and genetically distinct forms of myotonic dystrophy: type1 (DM1) and type2 (DM2), although a high degree of clinical overlap exists between these two entities \[[@B3], [@B4]\].

DM1 is the most common form of muscular dystrophy in adults, with a prevalence ranging from 5 to 12 per 100000 population among Caucasians. Based on age at onset and severity of symptoms, 4 clinical types of DM1 can be distinguished: mild, adult-onset, early childhood, and congenital onset. The phenotype and genetics of DM2 have been described more recently, and its prevalence has not yet been clearly established.

Sleep disturbances are well described in neuromuscular diseases. The presence of sleep dysfunction is also a major cause of morbidity and mortality in patients with neuromuscular disorders. Persistent nocturnal hypoxemia, the end result of sleep disordered breathing (SDB) from any cause, results in cardiovascular and pulmonary failure; in addition, sleep fragmentation and excessive daytime sleepiness lead to disability and may affect mood and cognition.

DM1 represents the neuromuscular disorder with the most prominent propensity to sleep disorders and excessive daytime sleepiness \[[@B5]\]. SDB, resulting in nocturnal hypoxia and hypercapnia, periodic limb movements of sleep (PLMS), REM sleep dysregulation, and daytime somnolence seem to be the most common sleep disorders in patients with DM1 \[[@B6]--[@B8]\]. Several lines of evidence suggest that DM1 may have direct effects on sleep regulatory circuits in the CNS as demonstrated by the loss of serotoninergic neurons of dorsal raphe nucleus and low cerebrospinal fluid (CSF) orexin A levels \[[@B9], [@B10]\]. These patients may also exhibit signs of central sleep-wake regulation dysfunction, including excessive daytime sleepiness out of proportion to SDB, fatigue, and abnormalities of REM sleep \[[@B6]--[@B8], [@B11]\]. Scarce data are available regarding sleep disorders in DM2, due to the more recent genetic definition and to the rarity of the disease in some geographic areas \[[@B12]\]. DM2, similar to DM1, may be characterized by SDB and sleepiness \[[@B13]--[@B15]\] and REM sleep dysregulation \[[@B15]\], albeit few, and uncontrolled polysomnographic data are available. Here, we review the extant literature in order to stimulate discussion that may eventually lead to better understand the real magnitude of sleep dysfunction in myotonic dystrophies, improve clinical care of these patients, and aid in their clinical distinction.

2. Genetic Features of Myotonic Dystrophies {#sec2}
===========================================

While DM1 results from expansion of a CTG trinucleotide repeat in the *DMPK* gene on chromosome 19q13.3, a CCTG repeat expansion in the *CNBP* (*also known as ZNF9*) gene located on chromosome 3q21.3 and encoding for a ubiquitous protein has been identified in DM2 \[[@B16], [@B17]\]. Both mutations lead to formation of transcript aggregates in the nucleus, so-called foci, which interfere with proteins that play a part in RNA metabolism, including members of the muscleblind (MBNL) family of RNA-binding proteins. Dysregulation of these proteins (due to sequestration or inappropriate phosphorylation) results in missplicing of several downstream effector genes and causes loss of function of gene products, which are thought to account, at least in part, for multiorgan involvement/multisystemic phenotype in DM \[[@B18]\].

Unlike DM1, in which increased repeat length causes the phenomenon of genetic anticipation (thereby influencing disease severity and causing earlier symptom development and presentation in successive generations), in DM2, repeat length does not seem to correlate with disease severity and does not show anticipation \[[@B1], [@B2], [@B19]\].

Despite similarities in their molecular pathology, myotonic dystrophy types 1 and 2 are clearly different disorders. Distinctive clinical features in patients with DM2 include the propensity for less severity, proximal rather than distal weakness, and lack of prominent muscle wasting. In addition, several key features of DM1, including facial weakness, ptosis, and respiratory insufficiency, and a congenital form, are typically absent in DM2. Nevertheless, differentiation between the two myotonic dystrophies on clinical grounds alone is often difficult, and genetic evaluation is necessary to make a definitive diagnosis \[[@B1]--[@B3], [@B16]\].

3. Daytime Somnolence in Myotonic Dystrophy: Its Prevalence and Pathophysiology {#sec3}
===============================================================================

Excessive daytime sleepiness (EDS) is the most common nonmuscular symptom in DM1, which occurs in up to 70--80% of adult-onset DM1 \[[@B20]\] and in \~50% of childhood-onset DM1 patients \[[@B21]\]. Several studies demonstrated that EDS may be an early DM1 symptom, appearing sometimes even years before the disease is recognized \[[@B22]--[@B24]\].

Unlike in narcolepsy, EDS in DM1 is characterized by persistent sleepiness unaffected by naps, the latter being frequently long, unrefreshing, and without dream content. In addition, sleepiness mainly occurs in monotonous situations or when attention is not being held \[[@B25]--[@B27]\] and its complaint is mostly unrelated to the duration and the quality of the nocturnal sleep \[[@B11], [@B28]\].

Although in several studies DM1-related EDS is strongly associated with obstructive, central sleep apnoea and/or hypoventilation \[[@B22], [@B29], [@B30]\], other authors reported the lack of correlation between EDS and sleep apnoea in DM1 \[[@B10], [@B23], [@B24], [@B31], [@B32]\]. On the other hand, a neuropathological study showed a selective loss of serotoninergic neurons of dorsal raphe nucleus, a key region involved in sleep-wake modulation, in DM1 patients complaining of EDS \[[@B9]\]. Furthermore, low CSF levels of orexin A were described in hypersomnolent DM1 patients similarly to narcolepsy \[[@B10]\], albeit this finding was not successively confirmed \[[@B33]\]. In addition, *narcoleptic-like* patients were also described in DM1 \[[@B31], [@B34]\]. Hypersomnia and DM1 are frequently associated with the HLA haplotype DRW6-DQW1, different from those frequently observed in the narcoleptic or nonnarcoleptic types of hypersomnia \[[@B10], [@B33]--[@B35]\]. Finally, modafinil resulted effective in DM1-related EDS \[[@B36]\]. Therefore, a "central" origin of hypersomnolence in DM1 was conjectured.

4. Daytime Sleepiness: Clinical Features and Diagnostic Assessment {#sec4}
==================================================================

Some studies suggested that DM1 patients with EDS are younger and have an earlier age at disease onset and a greater muscular impairment than patients without EDS, without differences for gender, body mass index (BMI), and the number of CTG repeat. They are also more prone to psychological distress, tending to be less sociable, optimistic, active, empathetic, persistent, organized, and motivated in goal-directed behaviors when compared with those without EDS \[[@B37]--[@B39]\].

As a general rule, EDS is firstly and mainly mentioned by close relatives. It results as a prominent and debilitating clinical feature of the disease, being rarely reported spontaneously by patients themselves \[[@B37], [@B40], [@B41]\].

Besides EDS, fatigue is more common in DM1 than in other neuromuscular disorders and may even be significant when muscular impairment is relatively mild \[[@B42]\]. DM1-related fatigue is characterized by a subjective lack of physical and/or mental energy, partially improved by rest, and is present in up to 74% of adult-onset DM1 patients \[[@B28]\].

Since EDS and fatigue are associated in DM1 patients and share overlapping features, both patients and physicians may often have difficulties distinguishing EDS from fatigue \[[@B28], [@B42]\]. Patients may be unable to specify whether their complaint relates to sleepiness, fatigue, or both.

Apathy may also represent a confounding factor, because it may be confused with EDS. Furthermore, its characteristics and clinical correlates remain unclear \[[@B43]\]. However, one study using standardized rating scales reported that these symptoms are independent features of the disease, an issue that needs replication and further investigation \[[@B24]\].

Diagnostic assessment of EDS is performed by means of some standardized tests which quantify objective daytime sleepiness. Unfortunately, these techniques require sophisticated equipment, sleep training and are expensive and highly time consuming. The Multiple Sleep Latency Test (MSLT) and the Maintenance of Wakefulness Test (MWT) remain the gold standard for assessment of EDS in both general and DM1 populations \[[@B5], [@B7]\]. While the MSLT mainly measures physiological degrees of sleepiness in relation to the sleep drive \[[@B44]\], the MWT may provide a more sensitive indicator of the variation of alertness in relation to the wake drive in DM1 \[[@B45]\]. Other objective methods for monitoring vigilance, including the behavioral OSLER test \[[@B46]\] and the 10-minute Psychomotor Vigilance Test-192 \[[@B47]\], should be more systematically tested in the DM1 patients in order to validate their clinical reliability.

Although few studies reported a pathological mean sleep latency (MSL) on the MSLT as defined by an MSL ≤ 8 min in DM1 patients \[[@B10], [@B31]\] with a positive correlation with the degree of muscular impairment \[[@B6]\], most studies did not find a positive relationship between daytime sleepiness complaints and MSLT results \[[@B11], [@B37], [@B48]\]. In the same line of evidence, Romigi et al. demonstrated a significantly lower MSL in DM1 versus controls suggesting a natural "propensity" of DM1 to somnolence without reaching pathological levels of EDS \[[@B7]\].

Moreover, the subjective evaluation of daytime sleepiness and fatigue levels may be based on clinical interview and self-reported questionnaires. These instruments may represent a useful tool, albeit disease-specific validated scales should be necessary in order to better quantify these specific symptoms. Sleepiness is not a unitary notion and may be responsible of different states and/or symptoms. Therefore, several assessment tools for EDS have been developed; the majority of them offer useful data, but they do not grasp all aspects of sleepiness particularly when applied in specific diseases with symptoms resembling sleepiness (i.e., fatigue, apathy) \[[@B49]\]. A previous study of reliability suggested a weak internal consistency for the Epworth Sleepiness Scale (ESS) in patients with DM1, rendering its current usage in DM1 questionable \[[@B43], [@B50]\]. One alternative tool, the Daytime Sleepiness Scale (DSS), consists of 5 items that are closer to the real life of DM1 patients and to the clinical features most commonly complained in association with DM1-related EDS (i.e., daytime napping and sleepiness). DSS scores positively related to the extent of muscular impairment \[[@B32], [@B50]\].

Fatigue rating scales such as the Krupp\'s Fatigue Severity Scale (KFSS), which are based on the behavioral consequences of fatigue, may also constitute a more accurate and comprehensive measure of fatigue severity in the DM1 population \[[@B50]\].

Finally, there is still debate about the reliability between MSLT/MWT and subjective rating scales (either ESS and DSS). Some authors underlined lacking or poor correlation \[[@B7], [@B11], [@B28], [@B33], [@B37]\], suggesting that these "*clinical*" measures may explore different components of sleepiness in DM1 and may result in appropriate tools to evaluate the potential impact of somnolence on quality of life of DM1 patients \[[@B41]\].

Very recently, the Rasch-built Fatigue and Daytime Sleepiness Scale (FDSS), specifically utilized in DM1 patients, provided interval values on a single continuum between fatigue and sleepiness \[[@B51]\]. Therefore, these clinical instruments should be used for future clinical trials and therapeutic follow-up.

5. Nocturnal Sleep: Measurements, Sleep Architecture, and REM Sleep Dysregulation {#sec5}
=================================================================================

DM1 patients report more sleep complaints than control subjects. A nonrestorative sleep and diurnal tiredness are often reported in several studies \[[@B6], [@B7], [@B32], [@B50]\]. In addition, habitual bedtime, wake-time, and time in bed were not different in DM1 with or without diurnal drowsiness \[[@B7], [@B37]\]. High variability of nocturnal sleep quality and quantity with either disrupted \[[@B26], [@B52], [@B53]\] or deep and restorative sleep \[[@B22], [@B52], [@B54]\] has also been repeatedly documented in DM1 patients by means of subjective and objective instruments. This sleep phenotype, with long and nonrestorative sleep during the night and the diurnal sleep episodes, is particularly frequent in DM1, being close to that of idiopathic hypersomnia with long sleep time \[[@B11]\]. Although many authors described a longer nighttime sleep in DM1 patients than in control subjects with a nonrestorative nocturnal sleep \[[@B32], [@B54], [@B55]\], this observation was not always confirmed \[[@B6], [@B7], [@B11], [@B22], [@B34], [@B54]\]. The lack of a control group may have affected some of these studies precluding a comparative evaluation as regards sleep diary, polysomnography (PSG), and MSLT measures \[[@B11], [@B31]\].

Other patients with DM1 reported a nighttime sleep fragmentation related to respiratory events, nocturnal agitation, reduced motility in bed, and pain \[[@B11]\]. In particular, DM1 patients with fatigue and EDS more often experienced diurnal and nocturnal feelings of pain due to back pain, headache, arthritis, and cramps, in comparison with patients without fatigue and EDS \[[@B8]\]. Pain probably has a multifactorial etiology and may be related to the peripheral vascular symptoms such as coldness and episodic pallor of hands and feet commonly referred \[[@B27]\].

To date, only a few and contradictory studies have focused on the nocturnal sleep continuity and sleep architecture of DM1 patients in comparison with control subjects by means of polysomnographic data. Some authors described normal sleep architecture and similar total sleep time in patients and controls, but others reported longer objective nocturnal sleep duration \[[@B22], [@B48], [@B52]\].

A prospective case-control study has revealed similar total sleep time and sleep efficiency but a decrease in percentage of stage 2 NREM sleep, a higher percentage of slow-wave sleep and REM sleep in DM1 patients than in controls, and an increased microarousal index \[[@B6]\].

In a recent controlled study, Romigi et al. demonstrated a significant reduction in total sleep time and sleep efficiency together with a significant increase in Wakefulness After Sleep Onset (WASO) and in stage 1 NREM in DM1 patients \[[@B7]\], confirming the presence of a disrupted sleep and abnormal sleep macrostructure found in previous uncontrolled studies \[[@B26], [@B30], [@B56]\].

Even though daytime sleepiness may be mainly attributable to sleep fragmentation, rare studies compared sleep parameters of DM1 patients with and without EDS and concluded that PSG findings were largely similar in terms of sleep continuity (sleep latency, total sleep time, and sleep efficiency) and sleep architecture \[[@B6], [@B7], [@B11]\].

Rapid eye movement (REM) sleep dysregulation has been also detailed in DM1 \[[@B8]\]. The presence of sleep-onset REM periods (SOREMPs) on the MSLT is a relatively frequent finding in DM1 as well as short sleep latencies, suggesting a *narcoleptic-like* phenotype and hypocretin CSF deficiency in DM1 supports this view \[[@B10]\]. Previous uncontrolled studies reported that DM1 patients recruited on the basis of EDS complaints presented at least 2 SOREMPs in 33% to 60% of cases \[[@B23], [@B31]\]. Otherwise, among DM1 populations unselected for EDS, the proportion of patients with one or more SOREMPs ranged from 25% to 50% \[[@B6], [@B11], [@B33]\]. Also, DM1 patients with several SOREMPs were noted to be younger and to show lower daytime sleep and nighttime REM sleep latencies, milder hypoxemic condition, and higher muscular impairment in comparison with DM1 patients without any SOREMP \[[@B6], [@B33]\].

Other REM sleep abnormalities include a higher REM density in DM1 patients with twofold increase compared to controls and a tendency for higher percentage of REM sleep without atonia (RSWA) and REM sleep phasic EMG activity in the absence of clinically assessed REM behavior disorder \[[@B6]\]. Although this finding may be of uncertain clinical significance, it may confirm the hypothesis of a "central" REM sleep dysregulation in DM1 \[[@B8]\].

6. Sleep Disorders in DM1: Sleep-Disordered Breathing (SDB) {#sec6}
===========================================================

SDB represent the most common cause of sleep dysfunction in neuromuscular diseases. Therefore, SDB is also frequent and well described in DM1, resulting in nocturnal hypoxemia, nocturnal hypoventilation, obstructive apnoeas, and hypopneas as well as central apnoeas \[[@B11], [@B30], [@B52], [@B57], [@B58]\]. SDB may be explained by both the involvement of respiratory muscles (weakness and myotonia) and abnormalities of central control of ventilation.

SDB may cause transient nocturnal hypoxemia and episodes of desaturation associated with microarousals and sleep fragmentation that may trigger EDS. However, strong evidence indicates that EDS in DM1 patients may occur in the absence of any identified respiratory events \[[@B6], [@B11], [@B22], [@B31]\] and, conversely, that DM1 patients may exhibit clinically significant SDB in the absence of EDS, snoring, and apnoea \[[@B30], [@B52], [@B59]\]. Recently, a controlled polysomnographic study showed a more impaired nocturnal sleep, as expressed by means of lower total sleep time and sleep efficiency and higher WASO and REM sleep latency, in DM1 with obstructive sleep apnoea when compared to DM1 with PLMS and without any sleep disorders \[[@B7]\].

Also, no relationship was noted between daytime pulmonary function tests results and subjective or objective daytime sleepiness \[[@B11], [@B55]\].

In a series of 43 DM1 patients unselected for EDS complaints, it was found that patients with pathological MSL on the MSLT had more severe respiratory muscle weakness, lung volume restriction, and daytime hypercapnia. Yet, Apnoea-hypopnoea index (AHI) was significantly correlated with total lung capacity and vital capacity, but these lung volume measurements accounted for only 16% of AHI variance \[[@B11]\]. Most authors believe that respiratory muscle weakness alone does not provide an adequate explanation for abnormalities of breathing during sleep in DM1 \[[@B6]\]. This hypothesis is supported by findings of severe neuronal loss in various medullary nuclei linked to respiratory function in DM1 patients with alveolar hypoventilation \[[@B60]\]. However, hypercapnia does not necessarily relate to EDS, since DM1 patients without CO~2~ retention may exhibit EDS \[[@B30], [@B52]\]. Inversely, correction of the alveolar hypoventilation rarely leads to the elimination of EDS \[[@B57]\]. Finally, the alveolar hypoventilation participates in the production of EDS only in a minority of cases \[[@B27]\].

7. Sleep Disorders in DM1: Restless Legs Syndrome & Periodic Limb Movement {#sec7}
==========================================================================

Restless Leg Syndrome (RLS) and PLMS were also described in DM1 \[[@B6], [@B7], [@B21], [@B33]\].

Laberge et al. reported mean PLM indexes in wake (PLMW) and in sleep (PLMS) at 5.3/h and 10.5/h, respectively, in DM1 \[[@B11]\]. Subsequently, a case-control study confirmed these high rates (\>50% of PLMS index above 5 and 40% above 10) in both NREM and REM sleep and especially in patients also presenting RLS \[[@B6]\]. Romigi et al. described PLMS (defined as PLMI \> 5) as the most represented sleep disturbances (61.1%) in DM1 patients compared with controls \[[@B7]\]. In particular, these authors observed a highly significant increase in PLM index, which may represent a polysomnographic marker of DM1, confirming the data obtained in childhood-onset DM1 \[[@B21]\]. Altogether, these studies failed to report any relationship between PLMW/PLMS, arousability, and drowsiness. Hence, the clinical significance of PLMS remains unclear. A clinical phenotype ranging from narcoleptic symptoms to asymptomatic PLMS may be the result of a dysfunction of dopamine pathways in DM1. The high number of PLMS observed in DM1 may be a manifestation of premature ageing of the CNS, in line with the evidence of brain degenerative mechanisms in DM1 \[[@B61]\]. In addition, PLMS may represent a further puzzling finding for their potential link with an increased autonomic-related cardiovascular risk \[[@B62], [@B63]\]. Sleep disorders in DM1 are summarised in [Table 1](#tab1){ref-type="table"}.

8. Pathophysiology of Sleep Dysfunction in DM1 {#sec8}
==============================================

DM1 is a progressive multisystemic disorder with a major brain involvement \[[@B64]\]. EDS is a frequent and severe clinical feature of DM1, but its pathogenesis remains conjectural. EDS of DM1 patients assessed by both objective instruments and self-report questionnaires is often out of proportion to their sleep disruption. Also, there is no coherent link between PSG abnormalities and evidence of SDB. Altogether, current data stress the hypothesis that there is a primary central disorder of arousal responsible for EDS intrinsic to DM1 disease pathology \[[@B55], [@B65]\]. Many patients with DM1 present metabolic-endocrine abnormalities, in particular dysfunction of the Hypothalamic-pituitary-adrenal (HPA) axis with a decreased pulsatile secretion of cortisol and growth hormone (GH) that may affect sleep regulatory circuits \[[@B27], [@B66]\]. Abnormal proinflammatory and hypnogenic cytokines secretion with increased levels of interleukin-6 and tumor-necrosis factor-alpha were reported in DM1 when compared with controls and may be related to sleepiness and fatigue \[[@B67]\]. A brain/brainstem disorder leading to altered sleep-wake cycle with central hypersomnia and REM sleep dysregulation may also be posited in DM1 \[[@B68]\]. Some authors have found a high incidence of intracytoplasmic inclusions in the anterior and dorsomedial thalamic nuclei with a loss of neurons and gliosis in the reticular formation, the midbrain, and pontine raphe in patients with DM1 together with a lower density of serotonin-containing neurons in the raphe \[[@B9], [@B60]\]. These findings may explain the presence of sleep dysfunction, EDS, apathy, and mental decline in DM1. On the other hand, cortical atrophy, dilatation of ventricles, and supratentorial bilateral symmetrical focal or diffuse white matter hyperintense lesions, either a specific or typical in the temporoinsular regions, have been well detected in DM1 patients by several conventional MRI studies \[[@B69]\]. While some authors showed correlations of brain morphological changes with neuropsychological and clinical parameters including CTG repeat sizes in DM1 \[[@B69]\], others failed to do so \[[@B70], [@B61]\]. Minnerop et al. confirmed white matter alterations in the whole brain, brainstem, and corpus callosum in association with grey matter decrease in cortical areas, thalamus, putamen and global cerebral atrophy, using voxel-based morphometry analysis and diffusion tensor imaging \[[@B64]\]. Both depressed mood and fatigue or increased daytime sleepiness were more pronounced in DM1 patients with less prominent white matter affection and at early disease stages, suggesting a reactive adjustment disorder instead of a direct consequence of structural brain damage \[[@B64]\]. Interestingly, few PET and SPECT studies documented a significant reduction of glucose metabolism and/or blood perfusion in DM1 patients compared to controls, mostly involving the left cortical areas and especially the frontal lobe. These metabolic changes seem to be proportional to the overall (clinical and genetic) severity of the disease and to explain selective alteration of executive functions better than the structural abnormalities revealed by conventional MRI \[[@B69]\]. Nevertheless, it is unclear whether these phenomena are due to a defect in vascular extraction and/or in membrane flux of the adopted tracers ("membrane disease" interpretation) or more easily related to synaptic protein dysregulation and synaptic dysfunction as recently theorized in transgenic animal models ("toxin RNA" paradigm) \[[@B71]\].

As DM1 patients share some REM sleep dysregulation with *narcoleptic-like* phenotype, several studies focused on a possible involvement of both the HLA haplotypes and hypocretin system in the disease \[[@B10], [@B33], [@B35]\]. However, available data do not report any association between DM1, particular HLA haplotypes, and CSF hypocretin-1 levels even in selected DM1 patients with complaint of EDS and high daytime REM sleep propensity.

9. Narcoleptic-Like Phenotype in DM1: A Case Report {#sec9}
===================================================

A 40-year old man diagnosed with adult-onset DM1 referred nonrefreshing sleep, excessive daytime sleepiness with falling asleep inappropriately during the daytime despite averaging 8 hours of sleep per night, and nightmares. In the previous years, he noted increasing postprandial drowsiness and an irresistible urge to fall asleep ranging from 5 to 6 times daily. He also complained of hypnagogic hallucinations and some episodes of body paralysis in which he awakened unable to move for a few seconds (sleep paralysis) but did not report episodes of attacks of muscle atonia triggered by strong emotions (cataplexy). His medical history was unremarkable; he was not obese (BMI 27 kg/m^2^) and showed an Epworth Sleepiness Scale score of 16. On the basis of these clinical data, he underwent a PSG study, which showed an increased REM sleep time, which appeared as the 34% of the total sleep time, and a sleep efficiency of 81.2% with an AHI of 8.9. His sleep architecture was unusual in that sleep onset was slightly less than normal (few seconds) followed by an immediate REM sleep onset (2 min) (see [Figure 1(a)](#fig1){ref-type="fig"}). The MLST was performed after PSG and showed a mean sleep latency of 4.25 minutes with 3 SOREMPs (see [Figure 1(b)](#fig1){ref-type="fig"}). The human leukocyte antigen (HLA) haplotype determination did not show the "narcoleptic" DQB1∗06:02 haplotype, a rare association in hypersomnolent narcoleptic-like DM1 patients \[[@B33], [@B34]\]. Finally, a brain MRI was performed and appeared unremarkable. Therefore, considering the overall clinical history, the polysomnographic results, a diagnosis of DM1-related narcoleptic-like phenotype was made and the patient started treatment for hypersomnolence with Modafinil 200 mg/day, with a good response. Although DM1 is frequently associated with severe EDS and SOREMPs, similar to those observed in narcolepsy, several groups failed to determine an association with the "narcoleptic" HLA haplotype and with low CSF hypocretin-1 levels \[[@B8]\]. In addition, DM1 with drowsiness and HLA DQB1∗0602 are not associated as in narcolepsy, but a higher frequency of DQw1 and particularly of DRw6-DQw1 haplotypes has been reported in these patients \[[@B34]\]. Therefore, the cause of REM sleep dysregulation and narcoleptic-like phenotype in DM1 is still unclear, although the known toxicity of the expanded mRNA might affect the alternative splicing of one or more transcripts other than those of the hypocretin genes \[[@B8]\].

10. Daytime Sleepiness and Fatigue in DM2 {#sec10}
=========================================

It has been suggested that daytime sleepiness has a similar prevalence in DM2 as well as in DM1 \[[@B38]\]; however, the real magnitude of sleep dysfunction in DM2 has not yet been clarified.

In striking contrast with DM1, in which EDS is a critical issue, a recent controlled study based on self-reported questionnaires \[[@B13]\] found that EDS was not a prominent clinical feature of the DM2 population as evaluated by means of subjective instruments. Only 6.9% of DM2 patients had EDS compared with 44.8% of DM1 patients and 6.2% of controls. Poor sleep quality, as evaluated by means of Pittsburgh Sleep Quality Index (PSQI), was evident both in DM2 and DM1, and significantly poorer than in healthy controls. Nocturnal sleep impairment was not explained by psychiatric disorders such as depression or other comorbidities, but it was mainly related to sleep disturbances as a result of nocturnal pain. Severe fatigue was evident in both DM2 and DM1 (66% versus 85% patients). Very recently, a small case series has reported EDS in 6 patients with DM2 and MSLT performed in 4 patients showed reduced MSL without SOREMPs \[[@B15]\]. Thus, daytime drowsiness due to a primary CNS hypersomnia can be seen also in DM2, but it is unclear if this represents a central pathophysiologic mechanism due to multiple brain and/or brainstem damages \[[@B64]\].

11. Sleep Abnormalities/Disturbances in DM2 {#sec11}
===========================================

Little is known regarding the occurrence of sleep disturbances in DM2. Yet, the first report of poor sleep quality in DM2 was mainly focused on increased sleep latency and sleep disturbances as evaluated by means of PSQI \[[@B13]\]. Pain-induced nocturnal awakenings were the most common symptoms mentioned in the DM2 group \[[@B13]\]. In fact, widespread musculoskeletal pain is a well-known disabling feature of DM2, which has previously been described as exercise-related and multifaceted in character \[[@B72]\], and it may share similar features with fibromyalgia \[[@B73]\].

Although pain may be considered a valuable factor influencing poor sleep quality, current data suggest that SDB such as obstructive sleep apnoea, central apnoea, or paradoxical breathing during REM sleep may represent a consistent finding \[[@B14], [@B15]\].

The clinical spectrum of DM2 also include PLMS, RLS, insomnia, and REM without atonia with dream-enacting behavior. The latter finding may be emblematic. RSWA and/or REM behavior disorders may represent a further mechanism of REM sleep dysregulation, suggesting that sleep dysfunction may be similar in both DM2 and DM1 \[[@B8], [@B15], [@B74]\].

However, the pathogenesis of sleep disturbance in DM2 patients remains conjectural due to a lack of controlled polysomnographic studies. Obstructive sleep apnoea may be due to upper airway muscle weakness and myotonia. As in DM1, an abnormality of central control of breathing and sleep-wakefulness related to cerebral involvement may be responsible for sleep-wake and respiratory dysfunction \[[@B64]\]. Sleep disorders in DM2 are summarised in [Table 2](#tab2){ref-type="table"}.

12. Our Experience Regarding Sleep Disorders and DM2 by means of Polysomnographic Data and Self-Reported Questionnaires {#sec12}
=======================================================================================================================

We evaluated a cohort of 12 consecutive patients with genetically determined DM2. Two patients had snoring and one had dream-enacting behavior. Fifty-eight per cent reported pain as the cause of sleep disturbance during the past month and 16% complained of daytime hypersomnolence by means of subjective rating scales. PSG data showed increased arousability and low sleep efficiency (\<90%) in all DM2 patients. Seven DM2 patients (58%) were affected by obstructive sleep apnoea, whereas 25% presented PLMS (PLMI \> 15/h). RSWA was evident in 50% of DM2 patients, and one of them also reported a history of dream enactment behavior and severe obstructive sleep apnoea syndrome (RDI 49/h) (see [Figure 2](#fig2){ref-type="fig"}). Finally, only one patient had few periods of central apnoeas. According to objective data, DM2 patients showed the worst scores on the PSQI components regarding the sleep disturbances and daytime dysfunction. Furthermore, EDS, as shown by an MSL \< 8 min at MSLT, was evident in 33% of DM2 patients without SOREMPs, suggesting a natural propensity of DM2 to somnolence \[[@B75]\]. Twenty-five per cent of DM2 subjects (3/12) presented an ESS score \> 10, whereas two DM2 patients (16.6%) had a DSS value ≥7. As underlined by Bhat and colleagues, these sleep abnormalities (SDB and RSWA) are novel observations in DM2 and their pathogenesis remains conjectural \[[@B15]\]. Sleep apnoea, due to upper airway muscle weakness and myotonia, myalgic pain, or a direct CNS involvement may account for the sleep fragmentation and daytime sleepiness in DM2 patients. However sleep apnoea may represent a confounding factor, since RSWA may compensate and protect against apnoea episodes as recently theorized \[[@B76]\]. This "compensatory" hypothesis may be confirmed by a higher prevalence of REM sleep impairment in younger DM1 patients with milder hypoxia and lower daytime sleep shown in previous studies \[[@B8]\]. On the other hand, RSWA could be easily related to the brainstem and diencephalon involvement in DM2 \[[@B64]\], particularly at the level of the pedunculopontine and laterodorsal tegmental nuclei that are the critical modulators of activated behavioral states such as wakefulness and REM sleep \[[@B77]\]. Whether sleep dysfunction in DM2 is of the same magnitude as in DM1 cannot be determined without further controlled studies in a larger number of patients.

13. Sleep Dysfunction, Social Participation, and Quality of Life in DM {#sec13}
======================================================================

The presence of sleep disturbances can affect daily life, general wellbeing, and social participation in both DM1 and DM2 patients in comparison to the general population \[[@B5], [@B78]--[@B80]\].

Sleep disorders and daytime sleepiness may account for this impairment of quality of life. These symptoms often interfere with work responsibilities and domestic activities, causing great functional disability in many patients \[[@B24], [@B41]\]. As underlined by Phillips and colleagues, somnolence scores positively correlated with disability severity scores in DM1 patients \[[@B55]\]. Regarding the quality of life, DM1 hypersomnolent patients report lower scores on all domains of SF36 in comparison with patients without EDS \[[@B37], [@B81]\].

Although fatigue is not described as the primary symptom of DM, patients report this clinical feature as having the greatest effect on their lives \[[@B80], [@B82]\]. When daytime sleepiness is marked, it may be associated with falling asleep at work and ultimately prevent some DM1 patients from remaining in employment \[[@B41]\]. Moreover, both fatigue and pain appear to be related to a decrease of health status and vitality in DM2 population \[[@B80]\].

14. Management and Treatment of Sleep Disturbances in DM {#sec14}
========================================================

DM patients should be routinely assessed for EDS and sleep disorders in view of the potential deleterious impact of these symptoms on social and physical functioning and quality of life.

Firstly, physicians should clarify the phenotype of the main sleep complaint by means of a detailed sleep schedule and an accurate clinical interview, always considering DM-related sedentary activities and functional limitations. Moreover the patient\'s bed partner should be interviewed to assess the presence of nocturnal sleep disturbances and complaint of EDS. In order to quantify the sleep-related problems, physicians may utilize sleep logs, prolonged actigraphic recordings, daytime sleepiness, fatigue, pain and depression rating scales, sleep disorder questionnaire, disability index, and health-related quality of life scales. However, PSG remains the gold standard to identify the nature and severity of sleep disorders, and the MSLT for assessment of daytime sleepiness and of putative REM sleep dysregulation. In particular cases, a prolonged continuous PSG could be necessary to assess the degree of abnormally long sleep time, and the MWT to assess the efficacy of treatment intake.

Early recognition and treatment of SDB with nocturnal noninvasive mechanical ventilation are mandatory \[[@B58]\]. In absence of diagnosed SDB, a periodical nocturnal cardiorespiratory monitoring should be proposed even in the absence of SDB suggestive symptoms. Ambulatory oximetry recording may first be recommended as a practical screening tool in DM.

DM patients with severe sleep apnoeas may be treated with various forms of ventilation, intermittent positive pressure breathing, continuous positive airway pressure (CPAP), bilevel positive airway pressure (BiPAP), and the more recently introduced adaptive servoventilation with particular interest for the central apnoea and/or Cheyne-Stokes breathing and complex sleep apnoea management.

Despite appropriate management of SDB, EDS persists in most DM patients \[[@B53]\]. In such conditions, CNS stimulant drugs, increasingly used to treat EDS in patients with DM, may be required. The recent American Academy of Sleep Medicine (AASM) practice parameters for the treatment of narcolepsy and other hypersomnias of central origin stated that methylphenidate may be effective for treatment of DM-related EDS \[[@B83]\]. In contrast, a Cochrane review on well-designed psychostimulant trials in children and adults affected with DM1 and EDS concluded on the absence of evidence to support its routine use \[[@B84]\] but highlighted some lines of evidence from two studies that modafinil may improve EDS \[[@B36], [@B85]\].

15. Conclusions and Future Outlook {#sec15}
==================================

Sleep disturbances and excessive daytime somnolence are common and disabling features in DM1, as shown by several uncontrolled and controlled polysomnographic studies, but their pathophysiology is still poorly understood. To our knowledge, insufficient clinical and polysomnographic data are available regarding the occurrence and the real magnitude of sleep disorders in DM2.SDB, resulting in nocturnal hypoxia and hypercapnia, is the most common sleep disorder in both DM1 and DM2.A "central" hypothesis due to intrinsic CNS defect input to particular brain/brainstem structures seems to be the most likely explanation for hypersomnia and/or REM sleep dysregulation (SOREM, RSWA).The presence of sleep dysfunction in patients with neuromuscular disorders is not always obvious because symptoms often develop insidiously and it may be difficult for patients to discern, attributing the daytime sleepiness and fatigue to their underlying neurologic illness.In addition, sleep dysfunction, particularly SDB, is a major cause of morbidity and mortality in patients with neuromuscular diseases. Persistent nocturnal hypoxemia, the end result of SDB from any cause, results in cardiovascular and pulmonary morbidity and mortality from causes such as lethal cardiac arrhythmias, pulmonary hypertension, right heart failure, and propensity to myocardial infarction and stroke.Sleep disturbances cause sleep fragmentation, excessive daytime sleepiness, leading to disability and affecting mood and cognition. In addition, sleep disturbances may be involved as cardiovascular risk factor and sudden death.In particular, more attention should be paid to evaluate the hypothetic autonomic effects of specific sleep disorders (i.e., RLS, PLMS, and RSWA) in order to test the possibility of an increased propensity to autonomic dysfunction and possibly to sudden death in patients affected by myotonic dystrophies and complaining of specific sleep disorders.Finally, early identification of SDB may help optimizing the treatment, improves the quality of life, and prolongs survival in patients with myotonic dystrophy.

We believe that a prospective evaluation and further trials in large samples of both DM1 and DM2 patients are necessary to clarify the real magnitude of sleep dysfunction and for optimally treating patients affected by this progressive neurodegenerative condition. These studies are strongly needed particularly in DM2 patients, also considering recent evidences showing that DM2 might be more frequent than DM1 in some countries (i.e., Finland, Germany) and largely undiagnosed \[[@B86], [@B87]\].

AASM:

:   American Academy of Sleep Medicine

AHI:

:   Apnoea-hypopnoea index

BMI:

:   Body mass index

CSF:

:   Cerebrospinal fluid

DM1:

:   Myotonic dystrophy type 1

DM2:

:   Myotonic dystrophy type 2

DSS:

:   Daytime sleepiness scale

EDS:

:   Excessive daytime somnolence

ESS:

:   Epworth sleepiness scale

FDSS:

:   Rasch-built fatigue & daytime sleepiness scale

GH:

:   Growth hormone

HPA:

:   Hypothalamic-pituitary-adrenal

KFSS:

:   Krupp\'s fatigue severity scale

MSL:

:   Mean sleep latency

MSLT:

:   Multiple sleep latency test

MWT:

:   Maintenance of wakefulness test

PLMS:

:   Periodic limb movement of sleep

PLMW:

:   Periodic limb movement of wake

PSG:

:   Polysomnography

PSQI:

:   Pittsburgh sleep quality index

REM:

:   Rapid eye movement

RSWA:

:   REM sleep without atonia

SDB:

:   Sleep disordered breathing

SOREMPs:

:   Sleep-onset rapid eye movement periods

WASO:

:   Wakefulness after sleep onset.
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![Sleep features of a DM1 patient with narcoleptic-like phenotype. (a) Narcoleptic-like hypnogram. Notice the short sleep onset latency, early onset of REM sleep, frequent nocturnal arousals, and REM sleep dysregulation. (b) A 30 s epoch of MSLT of the same patient demonstrating sleep onset REM sleep (SOREMPs). This patient showed 3 SOREMPs in a 4-nap protocol MSLT. ROC & LOC: right and left electrooculogram. F4, F3, C3, C4, T4, T3, O1, and O2: electrode positions according to the 10/20 International System. Chin: electromyography of the mentalis muscle.](JND2013-692026.001){#fig1}

![Polysomnograms of a DM2 patient showing REM sleep without atonia with dream-enacting behavior history. Eye leads show rapid movements and EEG channels show desynchronized activity; both are features of REM sleep. (a) Excessive phasic electromyographic activity and intermittent increased tonic electromyographic activity in the chin with normal atonia in the limbs during REM sleep. (b) Sustained tonic electromyographic activity in the chin with normal atonia in the limbs during REM sleep. Right eye and left eye: electrooculogram. F4, F3, C3, C4, O1, and O2: electrode positions according to the 10/20 International System, referenced to combined ears (A1, A2). Chin EMG: electromyography of the mentalis muscle. Left and right leg EMG: electromyography of the left and right tibialis anterior. Note the time calibration mark.](JND2013-692026.002){#fig2}

###### 

Sleep disorders and DM1.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Sleep disorder                  Sleep findings                                                                                                                                       References
  ------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------
  SDB                             OSA\                                                                                                                                                 Romigi et al., 2011 \[[@B10]\]; Yu et al., 2011 \[[@B9]\];\
                                  CSA\                                                                                                                                                 Cirignotta et al., 1987 \[[@B29]\]\
                                  OSAS & CSA-CSR                                                                                                                                       Pincherle et al., 2012 \[[@B57]\]

                                                                                                                                                                                       

  Idiopathic hypersomnia          LowCSF orexin A\                                                                                                                                     Martinez-Rodríguez et al., 2003 \[[@B13]\]\
                                  Normal CSF Orexin A\                                                                                                                                 Ciafaloni et al., 2008 \[[@B32]\]\
                                  Loss of 5HT neurons of DRN\                                                                                                                          Ono et al., 1998 \[[@B12]\]\
                                  EDS & HLA DRW6-DQW1                                                                                                                                  Manni et al., 1991 \[[@B33]\]

                                                                                                                                                                                       

  Restless legs syndrome & PLMS   PLMS \> 5/h in 38% childhood-onset DM1 uncontrolled PSG study\                                                                                       Quera Salva, 2006 \[[@B20]\]\
                                  PLMS \> 5/h in 61.1% adult-onset DM1 (controlled)\                                                                                                   Romigi et al., 2011 \[[@B10]\]\
                                  PLMW/PLMS                                                                                                                                            Ciafaloni et al. 2008 \[[@B32]\]; Yu et al., 2011 \[[@B9]\]

                                                                                                                                                                                       

  REM sleep dysregulation         Narcoleptic-likephenotype                                                                                                                            Martinez-Rodríguez et al., 2003 \[[@B13]\]

  SOREMPs and low MSL (MSLT)      Martinez-Rodríguez et al., 2003 \[[@B13]\]; Ciafaloni et al., 2008 \[[@B32]\]; Laberge et al., 2009 \[[@B14], [@B27]\]; Yu et al., 2011 \[[@B9]\];   

  Higher REM density              Yu et al, 2011 \[[@B9]\]                                                                                                                             
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

OSA: obstructive sleep apnea; CSA: central sleep apnea; CSA-CSR: central sleep apnea and cheyne_stokes respiration; CSF: cerebrospinal fluid; 5HT serotonine; DRN: dorsal raphe nucleus; EDS: excessive daytime somnolence; PLMS: periodic limb movement of sleep; PLMW: periodic limb movement of wake; SOREMPs: sleep onset REM periods.

###### 

Sleep disorders and myotonic dystrophy type 2.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Authors                               Sleep findings                                                                Number of patients                Methodology
  ------------------------------------- ----------------------------------------------------------------------------- --------------------------------- --------------------------------------------------------------------------------
  Shepard et al., 2012 \[[@B17]\]       EDS (6/8, 75%)\                                                               8 pts (5/8 PSG)                   Retrospective uncontrolled PSG study in selected DM2 patients sleep complaints
                                        Insomnia (5/8, 62.5%) excessive fatigue (4/8 50%)\                                                              
                                        OSA (3/5 60%)\                                                                                                  
                                        RLS (4/8, 50%)                                                                                                  

                                                                                                                                                        

  Bhat et al., 2012 \[[@B18]\]          EDS (6/6, 100%; 4/6 low MSL 66%, no SOREMPs)\                                 6 pts (6/6 PSG)                   Prospective uncontrolled PSG study in selected DM2 patients sleep complaints
                                        Insomnia (2/6, 33.3%)\                                                                                          
                                        Snoring (4/6 66.6%)\                                                                                            
                                        OSA (4/6 66.6%)\                                                                                                
                                        REM without atonia with dream enacting behavior in OSAS after CPAP (1/6)∗ \                                     
                                        Paradoxical breathing in REM (2/6 33.3%)\                                                                       
                                        RSWA (1/6, 16.6%)\                                                                                              
                                        Low sleep efficiency, alfa-delta sleep (2/6 33%)                                                                

                                                                                                                                                        

  Chokroverty et al., 2012 \[[@B70]\]   REM without atonia with dream enacting behavior in OSAS after CPAP∗           Single Case report                Video-PSG

                                                                                                                                                        

  Tieleman et al., 2010 \[[@B16]\]      EDS 6.9% (DM2) 44.8% (DM1) 6.2%\                                              29 DM2, 29 DM1, 65 Controls       Prospective controlled study with subjective scales
                                        (Control)\                                                                                                      
                                        Poor sleep quality 66% (DM2) 45% (DM1) 26% (Control)                                                            

                                                                                                                                                        

  Romigi et al., 2013 \[[@B75]\]        Sleep disturbance pain-related (PSQI) (7/12 58%)\                             12 DM2, 18 DM1, and 12 Controls   Prospective controlled study with PSG and subjective scales
                                        EDS (subjective scales 2/12, 66.6%; MSLT 4/12 33% no SOREMPs)\                                                  
                                        Snoring (2/12 16.6%)\                                                                                           
                                        Low sleep efficiency (PSG 100% DM2)\                                                                            
                                        OSA (7/12 58%)\                                                                                                 
                                        PLMS (PLMI \> 15/h 3/12 25%)\                                                                                   
                                        RSWA with dream enacting behavior in severe OSAS (8.3% 1/12)\                                                   
                                        Paradoxical breathing in REM (1/12 8.3%)\                                                                       
                                        RSWA (6/12, 50%)                                                                                                
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

EDS: excessive daytime somnolence; OSA: obstructive sleep apnea; CSA: central sleep apnea; PLMS: periodic limb movement of sleep; PLMW: periodic limb movement of wake; SOREMPs: sleep onset REM periods; RSWA: REM sleep without atonia

∗Probably the same patient.
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